Bioremediation is the removal of heavy-metals such as nickel (Ni) using microorganisms and has been considered as an important fi eld in the biotechnology. Isolation and characterization of microorganisms exhibiting bioremediation activities and their optimization to treat polluted wastewaters is a vital and diffi cult task in remediation technologies. In this study, investigation was carried out to isolate Ni (II) remediating microbial strains from soils contaminated with municipal solid waste leachate. Furthermore, Taguchi design of experiments were used to evaluate the infl uence of concentration, pH, temperature, and time on bioremediation of Ni (II) using isolated bacteria. This study concluded that Bacillus sp. KL1 is a Ni (II)-resistant strain and had Ni (II) bioremediation activity. The highest bioremediation of Ni (II) was observed as 55.06% after 24 h at 30 o C, pH 7, and 100 ppm concentration. Moreover, it was also observed that concentration is the most effective factor in the bioremediation process. In conclusion, we have demonstrated that bacteria isolated from soils contaminated with garbage leachate have the Bacillus sp. KL1 bacteria which can effi ciently uptake and eliminate Ni (II) from contaminated sites and thus makes it possible to treat heavy-metal containing wastewaters in industry by using this microorganism at optimized conditions.
INTRODUCTION
Heavy-metals are a group of elements, including Cd, As, Cr, Cu, Pb, Hg, Ni, Se, and Zn, which are commonly used in industry and are generally toxic to animals. Some heavy-metals in low concentrations are very useful for living cells. For example, enzymes like racemases in bacteria and ureases in plants contain nickel which is necessary for their normal functioning
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. On the other hand, they are highly toxic in higher concentrations and bind to DNA. Their highly binding affi nity affect the biology of organisms, inhibiting or inducing cell division, disruption of cell membranes, and blocking of the activity of translocators and enzyme proteins 3-5 . Thus, heavy-metal pollution is a major environmental concern which is rapidly increasing because of industrial operations. Therefore, developing methodologies to remove environmental heavy-metals is the necessity of time. A number of ineffi cient, expensive, and conventional methodologies such as exchange fi ltration, reverse osmosis, chemical precipitation, electrochemical treatment, chemical oxidation or reduction, membrane technologies, and evaporation recovery are being used to decontaminate heavy-metal pollutions [6] [7] [8] . Development of effective tools and techniques to manage the environmental pollutions is an interesting research fi eld in the biotechnology and currently bioremediation has been considered as an art-of-state technique in which living organisms such as plants and microorganism can be used to remove or minimize various contaminants like heavy-metals due to their natural biological activity 9-11 . Microorganisms such as bacteria are main biological agents used in the remediation of heavy-metals from contaminated sites. They can reduce the toxic effects of these pollutants using different mechanisms such as bioadsorbtion, biotransformation, and bioaccumulation. Isolation and characterization of these microorganisms and their optimization for bioremediation activities may improve remediation technology and these microorganisms can be used as heavy-metal remediating agents. Waste leachate production is one of the biggest problems in our world, because liquid wastes contaminate surrounding soil surfaces and ground water. Garbage leachate contaminated soils are good sources to isolate such kind of bioremediation agents having potential to degrade the waste compounds. To access these microorganisms, soft soil samples can be collect from the surface and depth of leachate contaminated sites and can be identifi ed in laboratory.
The present study was designed to identify the bacteria having bioremediation activity for Ni (II) in the municipal solid waste leachate contaminated soils and optimization conditions were evaluated using Taguchi method to have highest bioremediation activity.
MATERIAL AND METHODS

Sample collection
Soil samples were collected from both surface and depth (15 cm) of municipal solid waste leachate contaminated sites in Kermanshah province of Iran. All samples were kept in sterile bags, labeled and transferred to the laboratory. Samples were homogenized by passing them through a 2 mm sieve.
Isolation of Ni (II)-resistant bacteria
Isolation of bacteria from the soil samples was carried out using a serial dilution procedure and up to 10 -5 dilutions were prepared. For isolation of the Ni (II)-resistant bacteria, 100 μl of each suspension was spread on Ni (II)-containing (0.5 mM) nutrient agar medium. The plates were incubated at 37 o C for 48-72 h, and then the presence of bacterial colonies on plates were investigated. For purifi cation of the Ni (II)-resistant bacteria, single emerged colony on plates were picked up and streaked on Ni (II)-containing (0.5 mM) nutrient agar media. Finally, automated 16S rDNA gene sequencing and morphological analysis were used for characterization of the bacteria which were grown on the Ni (II)-containing media. Gene sequencing and morphological analysis were carried out at Iranian Biological Resource Center.
Detection of the minimum inhibitory concentration of Ni (II)
The minimum inhibitory concentration (MIC) was assessed using a preparation of serial dilutions of Ni (II) (40, 50, 60, 70, 80, 90, 100, 110, 120, 130 ppm). One hundred microliter of each dilution of Ni (II) was added to a nutrient agar plate. The bacterial suspension was prepared and adjusted spectrophotometrically at 800 nm (OD800) to match a turbidity of 1.5 × 10 8 CFU mL (equivalent to 0.5 McFarland standard). Then, 20 μl of 0.5 McFarland of Ni (II)-resistant bacteria suspension was dropped and spread on the surface of the plates. These plates were then incubated at 37 o C for a week. The plates were assessed daily for bacterial growth against control to ensure reliable results. The minimum inhibitory concentration was defi ned as the lowest concentration of an antimicrobial agent that inhibits the visible growth of a microorganism after overnight incubation. A single colony of bacteria strain with highest MIC was selected and identifi ed by the Iranian Biological Resource Center, according to 16s rDNA gene analysis. Finally, the bioremediation activity of this strain for Ni (II) was evaluated under different culturing conditions.
Design of experiments (DOEs)
Qualitek-4 software (V. 14.5, Nutek Inc., MI, USA) was used to design experiments by Taguchi statistical method for evaluating the effects of concentration, pH, temperature, and time on bacterial bioremediation of Ni (II). Table 1 shows considered variable factors and their levels.
prepare working concentrations as designed by Taguchi approach. Then, the pH of suspensions was adjusted with sodium hydroxide or Hydrochloric acid (0.1 M) according to DOEs. All samples were incubated in a shaking incubator at 120 rpm, variable temperature and time set for each experiment. After incubation times, contents of each Erlenmeyer fl ask were transferred into sterile tubes and centrifuged at 12000 rpm for 5 min and supernatants were transferred to new centrifuge tubes. Ni (II) concentrations in these solutions were measured by atomic absorption spectrophotometry (GBC-q02) 12 . All the experiments were done in triplicate to ensure the reproducibility of these experiments.
Statistical analysis
Statistical analysis of Taguchi DOEs results were done using fi xed-effects model of analysis of variance (ANO-VA) in Qualitek-4 software.
RESULTS AND DISCUSSION
Microorganisms have received considerable attention in recent years for being effi cient heavy-metals bioremediation agents. The results of our study showed that soils contaminated with municipal solid waste leachate were contained Ni (II)-resistant microorganisms. Out of different colonies which were emerged on the nutrient agar plates, several clones were selected and purifi ed for further studies on bioremediation of Ni (II). The 16S rDNA gene sequencing and morphological analysis confi rmed that the bacteria in selected colonies were belongs to Bacillus species. The minimum inhibitory concentrations of Ni (II) were determined for these colonies. One colony from the plate with the maximum tolerance for Ni (II) (100 ppm) was selected and characterized as Bacillus sp. KL1 by 16S rDNA gene sequencing. We inferred that soils contaminated with municipal solid waste leachate are good sources of Ni (II)-resistant bacteria which may be useful for nickel bioremediation.
Studies indicate that initial concentration and duration of exposure to pollutant agent, pH, and temperature are important parameters affecting bioremediation activity of microorganisms 13, 14 . In this study, Taguchi approach was applied to detect optimum temperature, pH, concentration, and time for bioremediation of Ni (II) by Bacillus sp. KL1. The results of the Taguchi optimization method demonstrated 9 orthogonal arrays of experiments which are introduce in Table 2 . The last column of Table 2 shows the percentages of Ni (II) removal for each DOE. These results indicated that the highest bioremediation of Ni (II) by Bacillus sp. KL1 (55.06%) was achieved at 5 th run (30 o C, 100 ppm, pH 7, and 24 h). 
Bioremediation of Ni (II) according to DOEs
A single colony of bacteria with the highest MIC was cultured in 100 ml nutrient broth and was incubated in a shaking incubator at 37 o C and 120 rpm. The Ni (II) stock solutions were prepared according to DOEs. Five ml of each Ni (II) stock solution was mixed with 5 ml of bacterial suspension in different sterile Erlenmeyer to
The effects of parameters such as time, pH, concentration, and temperature were assessed on Ni (II) bioremediation activity of Bacillus sp. KL1. , this study demonstrated that the highest uptake of Ni (II) by Bacillus sp. KL1 was achieved in a lower time. Moreover, the optimal pH range 5-7 reported as the effi cient bioremediation of heavy-metals by different bacterial strains 14, 17, 18 . We reported that pH 7 is optimum for the maximum bioremediation of Ni (II) by Bacillus sp. KL1. In addition, the results of current study showed the stronger bioremediation of Ni (II) in cultures with increasing concentration of nickel, although this effect was limited in higher concentrations only. It may be due to constraints in number of metal uptake sites on the bacterial surfaces. These results are in accordance with previous studies in which infl uence of increased concentrations on uptake of Ni (II) by Micrococcus isolates was studied
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. Furthermore, it is demonstrated that bioremediation of Ni (II) by Bacillus sp. KL1 reduced at higher temperatures. Sari and colleagues reported that heavy-metal uptake is an exothermic reaction and raising the temperature destroys metal uptake sites on the surface of bacteria or induces ion exudation into solution by bacteria 13 . The effects of interacting factor pairs on the Ni (II) bioremediation activity of Bacillus sp. KL demonstrated that the interactions of time and temperature is the most effective pair (63.07%) ( Table 4) . On the other hand, interacting factor pair time and concentration showed the minimum effect on the bioremediation activity of this microorganism (5.91%). These results suggest that the infl uence of one factor on bioremediation activity is dependent on its interaction with the other factors. In this regard, it shows that concentration in the optimum level (100 ppm) is the most infl uential factor on bioremediation activity of Bacillus sp. KL (Table 3) , but this effect got declined when concentration interacts with other factors (Table 4) . Moreover, in comparison with other factors, time at the optimum level (24 h) shows the minimum effect on bioremediation activity of the bacteria, but when it interacts with the optimal level of temperature (30 o C) the maximum bioremediation of Ni (II) was achieved. In addition, interacting factor pair pH and temperature in their optimal levels induce effective rate of Ni (II) bioremediation. Together these results indicate that time and temperature at their optimal levels have the most synergistic effect as compared to other interacting factor pairs.
In the present study, ANOVA test was used to analysis the effects of each factor and their variations on bioremediation of Ni (II). The ANOVA results indicated that concentration with the maximum sum of squares (S), variance (V), and percentage infl uence (1699.26, 849.63, and 89.57, respectively) is the most infl uential factor (Table 5 ) and pH with the minimum sum of squares (S), variance (V), and percentage infl uence (11.01, 5.51, and 0.58, respectively) has no signifi cant effect on bioremediation of Ni (II).
Importance of each factor on bioremediation of Ni (II) has been given in Table 6 . The maximum bioremediation was obtained by setting temperature 30 o C, pH 7, concentration 100 ppm, and time 24 h. Our statistical analysis predicted that the removal rate of nickel under optimal conditions is 55.06% and concentration is the most infl uential factor (15.16%) on bioremediation activity of Bacillus sp. KL1.
CONCLUSION
This study reported the presence of Bacillus sp. KL1 as a Ni (II)-resistant bacterium in soils contaminated with municipal solid waste leachate. The results of our study proved that Taguchi approach is effective in optimizing the infl uential factors for the maximum bioremediation of Ni (II) by Bacillus sp. KL1. Moreover, the optimal Table 3 . The effects of different levels of factors on bioremediation of Ni (II) conditions for effi cient Ni (II) bioremediation were determined as 30 o C, pH 7, 100 ppm concentration, and 24 h time. Concentration was observed as the most infl uential factor on bioremediation activity of this microorganism. Furthermore, our results showed that the infl uence of one factor on bioremediation activity of the bacteria is dependent on its interactions with the other factors. It was also demonstrated that interactions of time and concentration is the most effective pair for effi cient bioremediation of Ni (II) by Bacillus sp. KL1. In general, this study indicates the effectiveness of Bacillus sp. KL1 for bioremediation of Ni (II) and thus application of this microorganism as a promising tool to treat industrial wastewaters.
